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To all whom it may concern: 

Be it known that I, Charles Algernon 
Parsons, a subject of the King of Great Brit- 
ain and Ireland, residing at Heaton Works, 

5 Newcastle-upon-Tyne, in the cou nty of Nor th- 
umberland, England, have invented certain 
new and useful Improvements in the Propul- 
sion of Steam Vessels, (for which I have made 
application for patent in Great Britain, No. 

io 16,551, dated September 17, 1900,) of which 
the following is a specification. 

My invention relates to the application of 
the system of combining reciprocating en- 
gines with steam-turbines for the purpose of 

15 gaining increased economy in steam consump- 
tion. 

My present invention has for its object to 
enable the highest degree of economy of 
steam consumption to be attained, both at 
20 cruising and at fast speeds; and this involves 
the use of highly-developed condeusing-tur- 
bines having a range of expansion of from 
fifty to one hundred and fifty fold when 
working at full power. 
25 I have experimented with turbines to de- 
termine the horse-power necessary to rotate 
the turbine with no steam passing through 
it and with various pressures, from atmos- 
phere down to an absolute pressure of one 
36 pound per square inch in the turbine-case, 
and also at various speeds of revolution. I 
have found that taking my condensing type 
of turbine designed for high ratios of expan- 
sion and high steam efficiency under normal 
35 conditions of working when the steam-tur- 
bine is driven idly up to one-half its normal 
speed of working in a good vacuum the 
power required to rotate it is only about one 
per cent, of the normal full power output of 
40 the turbine and varies approximately as the 
cube of the speed of rotation: 

I am well aware that many attempts have 
been made to place two reciprocating engines 
of greatly different size and power to rotate 
15 the same screw-shaft; but in consequence of 
the great frictional resistance to rotation of 
a reciprocating engine, commonly called the 
"idle" friction, it has been found necessary 
to place the smaller engine abaft the larger 
50 one and when cruising speeds are required 
to entirely disconnect the larger engine from 



the screw-shaft, which is then driven by the 
smaller engine only. When higher speeds 
are required, the larger engine is coupled 
n p, and the larger alone, or both engines com- 5 5 
bined, drives the screw-shaft. The difficulty 
of coupling and uncoupling the nearly full 
horse-power of the vessel has been such as to 
render this arrangement unsatisfactory in 
use as also the added difficulty of transmit- 60 
ting the full power through the small engine- 
shaft. Further, owing to the high value of 
the idle friction such an arrangement does 
not give the increased economy which was 
aimed at and which is attained by my pres- 65 
ent invention. 

In my invention, as above stated, it has 
been fonnd that the frictional resistance or 
idle friction required to rotate the main tur- 
bine in the vacuum is so small that the tur- 70 
bine can be left permanently coupled to the 
screw-shaft to which the reciprocating engine 
is coupled. Further, the power transmitted 
by the reciprocating engine is comparatively 
so small that a suitable coupling, which can 75 
be easily thrown into and out of gear, can be 
satisfactorily used — such, for example, as a 
friction - coupling operated by hydraulic 
power. In the case of high-speed vessels 
where the speed of rotation of the turbines at 80 
full speed is too high for the reciprocating 
engine to work satisfactorily I use a detach- 
able coupling, which can be easily thrown out 
of gear; bnt in cases where the full speed of 
the turbine is not too high for the reciprocal 85 
ing engine the latter may, if desired, be left 
permanently coupled. 

The first part of my invention therefore 
consists in propelling a steam vessel by means 
of one or more propeller-shafts driven by a 90 
combination of one or more highly-efficient 
multiple - expansion reciprocating engines 
adapted to give the power required for cruis- 
ing speeds, with one or more condensing-tur- 
bines having a high range of expansion oper- 95 
ating on one or more of the said shafts and 
adapted to develop the whole or the greater 
part of the power required for the fast speeds, 
so that the highest economy of steam con- . 
sumption is attained both for- cruising and ice 
fast speeds, the main turbine being run in the 
condenser-vacuum when the reciprocating en- 
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gine is alone propelling the vessel. The re- 
ciprocating engine may be coupled so that it 
can be disconnected, if desired. 
I have further found by experiment that 
5 when a turbine of the condensing type is 
driven by external power in a good vacuum 
and when small quantities of steam are ad- 
mitted at the inlet and flow through the tur- 
bine to the condenser the power required to 

10 rotate the turbine falls approximately as the 
amount of steam admitted up to the no-load 
amount for that speed and that when the 
quantity has increased up to that amount the 
turbine rotates itself at the given speed with- 

15 out any external power and for larger, but 
still relatively small amounts, gives out power 
on the shaft. 

. The second part of my invention therefore 
relates to the combined steam-turbines and 

20 reciprocating engines dealt with above, and 
consists in passing the steam from the eruis- 
ing-speed reciprocating engines through the 
main steam-turbine on its way to the con- 
denser, thereby not only reducing the resist- 

25 ance to rotation of the said main turbine, but 
also in almost all cases adding considerably 
to the power developed, and thus economizing 
the steam required for propulsion at cruising 
speeds. The steam so admitted, however, 

30 may not in some cases be sufficient to directly 
apply power to the shaft, but may simply act 
to reduce the resistance to propulsion of the 
vessel. 

My invention also comprises the complete 

35 combination of steam-turbine and recipro- 
cating engine with steam-pipes connecting 
the exhaust of the reciprocating engine with 
the main steam-turbine inlet and then with 
the condenser, instead of each delivering 

40 into the condenser direct. 

In applying my invention to war vessels, 
where economy of steam at cruising speeds 
and also at fast* speeds is of great import- 
ance, I prefer to connect the exhaust or ex- 

45 hausts of the reciprocating engine or engines 
into the main turbines, preferably at their 
main steam-inlet. In this arrangement when 
cruising speed is required the sl,eam may be 
expanded from full boiler-pressure, the first 

50 stage being in the ordinary reciprocating en- 
gine of the compound or triple expansion 
type and then through the main steam-tur- 
bine right down to the condenser-vacuum, 
the result being a very high degree of steam^ 

55 efficiency. When the high speeds have to be 
attained, the steam is admitted direct to the 
main turbine and passes thence to the con- 
denser. The reciproeatingengines and steam- 
turbines may drive the same or different 

60 shafts, and the pistons and cranks of the re- 
ciprocating engine or engines ma}' operate on 
one or more of the screw-shafts. 

Referring now to the accompanying four 
sheets of drawings, which illustrate, byway 

65 of example, two modifications of combined 
. turbine and reciprocating engines adapted 



to propel a war vessel economically, both at 
cruising and at full speeds, by means of three 
propeller - shafts, Figure 1 shows in eleva- 
tion, and Fig. 2 in plan, one combination and 70 
arrangement of turbines and reciprocating 
engines. Fig. 3 shows in elevation, and Fig. 
4 in plan, another combination and arrange- 
ment. The elevations are partly in section 
along the longitudinal midship-section of the 75 
vessel. 

In Figs. 1 and 2 this invention is shown 
applied to a war vessel of two thousand tons 
displacement, ten thousand indicated horse- 
power, and twenty -two knots speed. The 80 
high-pressure turbine a is placed alone on 
the central shaft 1 and exhausts into the two 
low-pressure turbines b and c on each side, 
mounted, respectively, on the side shafts 2 
and 3. On the ends of each of these shafts 85 
I couple multiple -expansion reciprocating 
engines d and e by means of suitable hy- 
draulic or other couplings / and g, where the 
speed of the turbine set at full load is higher 
than that of the reciprocating engines. Where 90 
these speeds are the same, however, the shafts 
may be rigidly coupled. At full speed the 
powers developed in the three turbines are 
preferably approximately equal, and the 
speed of the outside shafts 2 and 3 is seven 95 
hundred, while that of the center shaft is 
five hundred, revolutions per minute. The 
shafts 2 and 3 each -carry two propellers, 
while the center shaft carries only one. At 
cruising speed, however — say twelve knots 100 
per hour— with a boiler-pressure of two hun- 
dred and twenty -five pounds per square 
inch, I find that I can obtain in the recipro- 
cating engines an expansion of about lif teen- 
fold, while in the turbines running at the 105 
speed of the reciprocating engines I attain an- 
other fifteen-fold expansion down to the con- 
denser-pressure of about one pound absolute. 
Under these conditions the reciprocating.en- ✓ . 
gines develop about sixty per cent, of the 110 
power required, while the turbines ^ive the 
remaining forty per cent. I utilize a combi- 
nation of this character to the best advan- 
tage for fast speeds by simply uncoupling the 
reciprocating engines and admitting the 115 
boiler-steam by way of pipe 4 and valve 5 di- 
rect into the high-pressure turbine a on shaft 
1. This then exhausts into the two turbines 
b and c by way of pipes 6 and 7 and from 
these into the condensers h and i by pipes 8 120 
and 9. The turbines a, 0, and c form a set 
which are capable of dealing with steam at 
full boiler-pressure and effecting the required 
manifold expansion, so. that economical work- 
ing is obtained at full load. Economical pro- 125 
pulsiou at cruising speeds is obtained by coup- 
ling up the reciprocating engines d and e by 
their hydraulic or other couplings /and g to 
their respective shafts. The reciprocating 
engines in this case develop their full eco- 133 
nomical power at a speed of rotation of about 
three hundred revolutions per minute — i. e. } 
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less than half the full-load speed of the tur^ 
bines b and c and well within the ordinary 
working speeds of such engines for long voy- 
ages. The aggregate power of these recipro- 
5 eating engines and turbines is sach that they 
propel the vessel efficiently at cruising 
■ speeds— say about twelve knots— and in the 
case given this may be about one thousand 
indicated horse-power, of which the recipro- 
io eating engines will produce, say, about six 
hundred and the turbiues four hundred. In 
one way of working the turbines a, b, and c 
are all simply run in the condenser-vaeuuui, 
and the engines d and e exhaust in that case 
15 by way of pipes 10 and 11 direct to the con- 
densers h and % respectively. /The highest 
economy is obtained while cruising by pass- 
ing the exhaust-steam from the reciprocating 
engines d and e by way of pipes 12 and 13 to 
20 the turbine a and thence by way of the 
pipes 6 and 7 through turbines b and c to the 
condensers h and i. It will be seen that 
while cruising thus the central shaft 1 is 
caused to rotate by the motion of .the vessel 
25 through the water acting on its propeller, 
and this to some slight extent causes added 
resistance of the vessel to propulsion. By 
admitting the exhaust-steam from the recip- 
rocating engines to the turbine a I not only 
30 cancel this added resistance either partially or 
wholly, but in most cases add a very large 
^fraction to the power available for propelling 
the vessel. 

It will be obvious that in my new system 
35 of propulsion when running at cruising speeds 
the exhaust-steam from the reciprocating en- 
gines is utilized not only in reducing the idle 
friction of the turbines and shafts, but gen- 
erally and in almost all cases and circum- 
40 stances to positively increase the torque by 
a very large amount, although the most eco- 
nomical turbine speed is not attained. 

In cruising the steam atf ull boiler-pressure 
is admitted to the^reciprocating engines and 
45 is preferably expanded by them to somewhat 
above atmospheric pressure. It then enters 
the high-pressure turbine a, and thence passes 
through the two low-pressure turbines b and 
c on its passage to the condensers. The yacu- 
50 urn in the condensers under these conditions 
at cruising speeds is abnormally high, and 
ratios of expansion of from two to three hun- 
dred fold are practically attainable. 

In Figs. 3 and 4 a modified arrangement of 
55 combined turbines and reciprocating engine 
is shown suited for a vessel of similar power 
and speed. Here only one reciprocating en- 
gine h is provided. It is placed on the cen- 
tral shaft 1. Its power should be about equal 
60 to the combined power of the reciprocating 
engines d and e in the first case, and it may 
be run at a slower speed than the two recip- 
rocating engines d and e— say at two hundred 
• and thirty revolutions per minute. In this 
• 65 case at cruising speeds the turbines b and c 
are rotated by the motion of the vessel through 
the water, and the consequent resistance is 



nullified, as before, either by opening the 
turbines b and c to the condenser- vacuum or 
more economically by the admission of the 70 
exhaust-steam from the reciprocating engine 
through the turbine sets on the way to the 
condenser. This invention enables very slow 
speeds also to be obtained with much greater 
economy than is possible with existing, en- 75 
gines. The main air-pumps in such plants 
are preferably worked in the usual' way by 
worm-gearing from the main turbine-shafts. 

Having now described my invention, what 
I claim as new, and desire to secure by Letters 80 

Patent, is— 

1. A system of engines for propelling steam 
vessels comprising, a reciprocating engine 
adapted to propel the vessel at cruising speeds, 
a turbine engine adapted to alone propel the 85 
vessel at full speed, shafting to which the en- 
gines are connected, and condenser means to 
produce condenser- vacuum in which the tur- 
bine runs idly when the reciprocating engine . 
is alone employed for propelling the vessel 90 
at cruising speeds, substantially as described. 

2. A system of en gines for propelling steam 
vessels comprising, a reciprocating engine 
adapted to propel the vessel at cruising speeds, 
a turbine engine adapted to alone propel the 95 
vessel at full speed, shafting to which the tur- 
bine is permanently connected, and a con- 
denser for producing a condenser-vacuum in 
which the turbine runs idly when the vessel 
is being propelled at cruising speed by the 100 
reciprocating engine alone, substantially as 
described. 

3. In combination, a reciprocating engine, 
a low-pressure turbine, a propeller - shaft 
driven by the said turbine, a high-pressure 105 
turbine, a propeller-shaft driven by the high- 
pressure turbine, an exhaust -steam -supply 
connection from the reciprocating engine to 
the high-pressure turbine, and an exhaust- 
steam-supply connection from the high-pres* no 
sure turbine to the low-pressure turbine, sub- 
stantially as described* 

4. In combination, a reciprocating engine* 
a high-pressure turbine connected with the 
exhaust thereof and having a shaft, a direct 115 
steam connection leading to the high-pressure 
turbine, a low-pressure turbine, a shaft for 
said low-pressure turbine, a steam -supply 
pipe from the high-pressure turbine to the 
low-pressure turbine and detachable coup- 120 
ling means by which the reciprocating engine 
may be thrown out of connection, substan- 
tially as described. 

5. A combined set of reciprocating engines 
and turbines adapted to propel a vessel eco- 125 
nomically at both fast and cruising speeds, 
and consisting of a high- pressure turbine 
driving a central shaft, two low-pressure tur- 
bines, coupled in parallel, each driving one 
of two outer shafts; these shafts each having 130 
detachably coupled to it a multiple-expansion 
steam-engine for the same or lower speed. 

6. A combined set of turbines and recipro- 
eating engine adapted to propel a vessel eco- 
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nomically at both fast and cruising speeds 
and consisting of a high- pressure turbine 
driving a central shaft and two low-pressure 
turbines coupled in parallel, each driving one 

5 of two outer shafts, said central shaft having 
detachably coupled to it a multiple-expansion 
steam-engine for the same or lower speed. 

7. A set of turbines and reciprocating en- 
gines for propelling a vessel consisting in a 

to high-pressure turbine, a central shaft driven 
thereby, two low-pressure turbines coupled 



in^ parallel, the two ottter shafts driven by 
said low-pressure turbines and a reciprocat- 
ing engine connected with the shafting, sub- 
stantially as described. 

In witness whereof I have hereunto set my 
hand in presence of two witnesses. 

CHARLES ALGERNON FARSONS. 

Witnesses: 

Henry Graham Dahym, 
William Daggett. 



\ 



